Background/purpose of the study Spontaneous bacterial peritonitis (SBP) is a cause of significantly higher morbidity and mortality in patients with cirrhosis. This study was conducted to assess the effect of adding rifaximin to cefotaxime in treatment of SBP.
Introduction
Spontaneous bacterial peritonitis (SBP) is a serious infection caused by bacteria in patients with cirrhosis and is associated with significant high mortality [1] . There are various clinical local and/or systemic signs for SBP, ranging from local abdominal features of peritoneal inflammation with or without manifestations of systemic inflammation (hypothermia or hyperthermia, tachycardia, tachypnea, change white blood cell count, and/or shock) to impaired renal function without explanation [2] .
Small intestinal bacterial overgrowth has a significant role in the evolvement of SBP. Dysmotility of the small intestinal and bacterial overgrowth are frequent findings in hepatic patients with advanced liver cell failure and mostly contribute to increase in the number of enteric microorganisms reaching to the systemic circulation translocated from the intestinal wall [3, 4] . Patients with cirrhosis showed increased access of intestinal bacteria to the portal circulation and these translocated bacteria and resultant cytokines are less likely to be cleared by the liver because of impaired phagocytic function of reticuloendothelial cells and increased collateral blood flow. Patients with liver cirrhosis also have immunodeficiency [5] , with impaired ability to clear the translocated bacteria.
Cefotaxime, a third-generation cephalosporin, was considered to be the drug of choice in treatment of SBP with a dose of 4 g/day for at least 5 days; this dose achieves high ascitic fluid concentrations and covers most of the causative organisms [6] . Intestinal decontamination can also be achieved by norfloxacin which is used widely for prophylaxis of SBP, and this extensive long-term use leads to increased incidence of quinolone resistance and emergence of SBP caused by gram-positive organisms [7] .
Compared with norfloxacin and other antibiotics, rifaximin is virtually unabsorbable, with minimal antimicrobial resistance and high safety profile in all patient populations [8] . If rifaximin-resistant fecal strains are observed, they disappear rapidly after stopping the antibiotic treatment [9] . Rifaximinresistant organisms were reported to be weak with lower viability [10] . Moreover, rifaximin can promote the growth of beneficial gut bacteria; it actually does not change the overall composition of the gut flora, and the changes that occur are minimal [11, 12] . Intestinal decontamination with rifaximin is an attractive approach in the treatment of patients with cirrhosis with SBP.
The emergence of resistant bacteria creates challenges in SBP treatment. Therefore, new classes of antibiotics or antibiotic combination need to be developed.
The aim of the study was assessing the effect of adding rifaximin to cefotaxime in treatment of SBP compared with the use of cefotaxime alone.
Materials and methods
The study was a prospective randomized single-blinded study that was conducted in Sohag University Hospital, Faculty of Medicine, Sohag University, during the period from July 2016 to July 2017. The study included patients with cirrhosis with SBP, aged greater than 18 years, who accepted participation in this study. It was performed in accordance with the principles of the Declaration of Helsinki. The exclusion criteria included presence of hepatocelluar carcinoma greater than or equal to 3 cm, hepatic encephalopathy grade II or more, gastrointestinal tract bleeding in the last 4 weeks, presence of renal impairment with serum creatinine greater than 3 mg/ dl, history of allergy to cefotaxime or rifaximin or associated infection that was in need for particular antibiotic therapy. Patients on secondary prophylaxis for SBP or receiving antibiotic in the last 72 h before admission were not included. Diagnosis of liver cirrhosis was based upon clinical evaluation, liver function tests, abdominal ultrasonography, and hepatitis markers or PCR. Diagnosis of SBP was done according to international guidelines if the polymorphonuclear leukocyte (PMN) cell count in the ascetic fluid exceeded 250/ml in the absence of source of intraabdominal infection [13] .
Clinical evaluation for all patients was done, including full history, clinical examination, and investigations that included liver and renal function tests, complete blood picture, and coagulation profile. Diagnostic aspiration of the ascetic fluid was conducted in all admitted patients with cirrhosis with ascites at the time of admission. The included patients with SBP were randomly divided to two groups. Each group included equal number of patients. Patients in group I received cefotaxime 4 g/day intravenously in two divided doses for 5 days, whereas patients in group II received combination of cefotaxime 4 g/day intravenously in two divided doses and rifaximin 800 mg/day orally in two divided doses for 5 days. Each patient assigned a written informed consent, and the study protocol was approved from our university ethics committee. The included patients underwent repeated diagnostic aspiration and blood sample for white blood cells (WBCs) count and serum creatinine on the third day of antibiotic therapy.
Statistical analysis
Mean, SD, median, and range were obtained for the quantitative data. Means of two groups were compared using Student's t-test. Mann-Whitney test was used to compare two groups with data not normally distributed. χ 2 -test was used for qualitative data. P value was considered significant if it was less than 0.05. The data were analyzed using statistical package for the social sciences version 16.0 for Windows (SPSS; SPSS Inc., Chicago, Illinois, USA).
Results

Clinical characteristic of the patients
The study involved 98 patients with cirrhosis with SBP. It included 51 (52.04%) male and 47 (47.96%) female, with mean age of 58.01±9.74 years and range 18-76 years. The etiology of liver cirrhosis was hepatitis B virus (HBV) in 13 (13.26%) patients, hepatitis C virus (HCV) in 75 (76.53%) patients, and both HCV and HBV in one (1.02%) patient. The remaining nine (9.18%) patients were negative for HCV and HBV. Child-Pugh score was Child B in 46 (46.94%) patients and Child C in 52 (53.06%) patients. Model for end-stage liver disease (MELD score) mean was 20.07±7.20 and range was 7-40. A total of 53 (54.08%) patients were presented by fever, and 43 (43.88%) were presented by abdominal pain. The baseline clinical and laboratory data of the patients are shown in Table 1 . There was no significant differences between group I and group II regarding age, sex, causes of liver cirrhosis, Child score, or MELD score, as shown in Table 2 .
Laboratory data of group I and group II on the first and thirdrd day WBC count was 13.45±1.35 and 11.62±0.64 on the first and third day, respectively, in group I, whereas it was 13.57±1.39 and 9.73±2.73 on the first and third day, respectively, in group II. Both groups showed significant reduction in WBC on the third day compared with the first day, with P value less than 0.0001. Moreover, group II showed significant reduction in WBC on the third day compared with the reduction in group I, with P value less than 0.0001. PMN count in ascetic fluid in group I was 1526.98 ±1463.4 on the first day, and it was 930.2±786.89 on the third day of therapy. Reduction in the PMN count was statistically significant with P value less than 0.0001. Group II also showed significant reduction in the PMN count on the third day, with P value less than 0.0001. Moreover, reduction in PMN count in the third day in group II, compared with group I, was statistically significant, with P value less than 0.0001. Similar changes were detected in both groups in serum creatinine. Both groups showed significant reduction on the third day compared with the first day, and the reduction was statistically significant in group II compared with group I, as shown in Table 3 .
Discussion
SBP is a dangerous complication of advanced liver disease. High prevalence of small intestinal bacterial overgrowth was reported among patients with cirrhosis [1] , and it has been associated with the development of SBP because of the bacterial translocation from the intestine to the systemic circulation, and also to the ascetic fluid [14] . According to Child-Pugh score, the studied patients included 46 patients with Child B and 52 with Child C. The composition of ascetic bacteria is correlated with the stage of liver decompensation and the Child-Pugh score. The link proves the relation between gut microbiota and the progression of cirrhosis [15] . Therefore, it has been assumed that rifaximin, being appropriate in small intestine bacterial overgrowth therapy, could be useful in prevention and treatment of SBP.
In the present study, 49 patients were included in each treated group. The third-generation cephalosporin for 5 days is the conventional treatment for SBP [13] . However, its efficacy was reduced owing to the rise in bacterial resistance. In addition, its use became unsuitable for enterococci, which have become more frequent cause in SBP [16] . Bad outcome upon survival is strongly associated with failure of first-line therapy [17] . Combinations of recent broad-spectrum antibiotics like glycopeptides and carbapenems were considered as effective alternative therapy, and this was based on isolates from culture-positive SBP [18, 19] . The benefit of combination therapy in treatment of SBP has been reported [20] . However, this was faced by high costs, their toxicity, and fears about emergence of more multiresistant microorganisms. Therefore, it is important to identify the pathogenesis of SBP and the role of gut microbiota to select patients who are expected to get benefit from broader antibiotic treatment or antibiotic combination.
In our study, the use of rifaximin at the dose of 800 mg/ day orally was based on the previous reports postulating that the uptake of 800-mg rifaximin for 5 days markedly reduces fecal Escherichia coli population, and the fact that E. coli is the most commonly isolated microorganisms from cases of SBP [21, 22] .
We detected significant reduction in the WBCs count after 3 days of antibiotic therapy in both treated groups. Moreover, patients with cirrhosis in rifaximin group showed more significant reduction in WBC count compared with those received cefotaxime alone. This significant reduction in WBC could refer to more beneficial effect of combination therapy by adding rifaximin over cefotaxime alone in treatment of SBP.
Combination of systemic and local antibiotic may be more effective therapy than either alone through counteracting the enteric microorganisms' migration to the systemic circulation and ascetic fluid through the intestinal wall.
Our study showed significant reduction in the ascetic fluid PMN count after 3 days of antibiotic therapy in both groups. Patients with cirrhosis receiving rifaximin and cefotaxime showed more significant reduction in ascetic fluid neutrophil count compared with those receiving cefotaxime alone. The positive effect of adding rifaximin could be owing to reduction of bacterial translocation from the small intestine to the ascetic fluid and the possible immunomodulatory effect of rifaximin. Selective intestinal decontamination, used in secondary prophylaxis of SBP, modulates patients' proinflammatory reaction [23, 24] . However, the immunomodulatory effect of rifaximin was observed after several weeks of its use in secondary prophylaxis of SBP [23, 24] , and there are no data about this effect after few days of treatment.
Significant reduction in serum creatinine after 3 days of antibiotic treatment was detected in both studied group. This reduction was more significant among patients with cirrhosis in rifaximin group than those who received cefotaxime alone. In patients with cirrhosis with SBP, antibiotic treatment as well as prevention of renal failure are important prognostic factors for reduction of mortality [25, 26] . Significant improvement in renal function in both groups refers to the importance of early and proper initiation of antibiotic therapy in SBP to prevent deterioration of renal function and development of hepatorenal syndrome. Adding rifaximin in combination therapy carries the advantage of being nonabsorbable and lacking restriction for use in presence of impaired renal function. Kalambokis et al. [23] reported improvement in systemic hemodynamics and renal function that is achieved by intestinal decontamination with rifaximin for 4 weeks in patients with advanced cirrhosis. However, systemic hemodynamic effects of rifaximin after few days need an evaluation and could not be equal to 4 weeks of therapy. Substitution of albumin should be considered, and this play an important role in prevention of hepatorenal syndrome [27] .
We faced some limitations in this study. First, the lack of assessment of the effect of adding rifaximin therapy in SBP on hepatic encephalopathy and mortality. Second, lack of measurement of the immunomodulatory effects of rifaximin during treatment of SBP. Lastly, lack of follow-up of recurrence of SBP among the treated patients. However, our study is the first study that refers to rifaximin use in treatment of SBP rather than its use in preventing SBP. Considering the role of enteric flora in the pathophysiology of SBP has expanded the choice of rifaximin in prevention and treatment of SBP and opens the door to the use of combination therapy in such serious complication.
We concluded that rifaximin plus cefotaxime showed some favorable effects in treatment of SBP than cefotaxime alone. However, the clinical effects and potential role of rifaximin and combination therapy in management of SBP need to be clarified in further studies.
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